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Body temperature is controlled by thermoregulatory centers of the brain. 
Except in conditions involving direct injury to the central nervous system, 
however, the manner in which these centers are influenced by diseases which 
give rise to fever is not known (1-3). Numerous studies relating to the problem 
have been performed with rabbits injected intravenously with pyrogenic sub- 
stances of bacterial origin (4-14). The fact that the resulting fever occurs only 
after an appreciable latent period has led to the theory that the thermoregula- 
tory centers are acted upon by a secondary  endogenous substance released from 
cells injured by the originally injected pyrogen (15, 16). The demonstration in 
leucocytic extracts of a fever-producing substance possessing properties differ- 
ent from those of bacterial pyrogens adds indirect support to this hypothesis 
(17, 18). 
Attempts  to  relate the leucocytic pyrogen to  the pathogenesis of fever, 
however, have thus far been unsuccessful.  First,  "pyrexin,"  the heat-stable 
fever-producing extract originally obtained from  inflammatory exudates by 
Menkin  (19-21),  has recently been shown to  have  the same properties as 
bacterial pyrogen and appears to have been contaminated with it (18).  Sec- 
ondly, rabbits made leucope~ic with nitrogen mustard have been found to be 
just as responsive to bacterial pyrogen as rabbits with normal leucocyte counts 
(22). Thirdly, antipyretically  effective  doses of cortisone have failed to influence 
the  characteristic lencopenia  which precedes the  onset  of pyrogen-induced 
fever (23, 24). All of these observations have led Bennett and Beeson to con- 
dude that "there is no evidence that the leucocyte changes after pyrogen ad- 
ministration are related to the production of fever (23)." 
Contrary to this conclusion, on the other hand, is the fact that the leucopenic 
reaction which regularly precedes fever induced by typhoid vaccine bears a 
definite time relationship to the onset of the fever (25). In addition, tolerant 
rabbits, which respond only minimally to the injected vaccine, fail to exhibit 
* This study was supported  by a grant from the Life Insurance  Medical Research  Fund. 
519 520  PATHOGENESIS O]~  FEVER.  I 
a demonstrable fall in white count (25).1 These observations, together with those 
of Berthrong and  Cluff (28),  which indicate that the injected pyrogen affects 
the rabbits' leucocytes, support the general hypothesis that pyrogen-induced 
fever is caused by an endogenous factor released from injured cells (including 
leucocytes). If the hypothesis is valid, it should be possible to demonstrate the 
endogenous factor in the circulation during fever (15). 
The present experiments deal with the speed of clearance of a  constant dose 
of typhoid vaccine given intravenously to unsensitized, "sensitized," and toler- 
ant rabbits respectively. Different rates of clearance are demonstrated in each 
of the  three  groups.  Of particular significance is the observation that  fever- 
producing activity reappears in the blood of sensitized rabbits after they have 
apparently cleared the originally injected pyrogen. Reasons for believing that 
this secondary pyrogenicity may represent  the  release of  the postulated en- 
dogenous pyrogen are discussed. 
Methods 
The pyrogen used was a  single lot of typhoid vaccine,  monovalent reference  standard 
NRV-LS No. 1, made from Salmondla  typhosa V-58.  2 Rabbits were adult healthy males of 
albino Flemish and New Zealand stock weighing approximately 3 to 4 kg. All studies were 
carried out at 68 to 70°F. in an air-conditioned room within which the animals were also 
housed between experiments. 
Donor rabb/~s were divided into three groups: (1) unsensitized  donors,  (2) sensitized  do- 
nors, and (3) tolerant donors. The un.~en.c/t/zed donors had previously received no injections. 
The sen~ed donors had received  one or two previous intravenous injections  s of typhoid 
vaccine  from the same source  as that used throughout the study. These injections were 
given at intervals of not less than 3 weeks with an additional 3 to 5 weeks elapsing between 
the last injection and use of the animal in the experiment. This interval was chosen as a 
minimum in order to avoid the development of tolerance (26). All tolcra~ donors were given 
daily intravenous injections of 75 million organisms  (1.5 ml. of a 1:10 dilution of the stock 
vaccine) for a period of 7 to 8 days prior to the experiment. Fever was measured on the 1st 
and last day of injections to insure that tolerance had been established. The tolerant ani- 
mals served as donors 24 hours after the last injection. 
Re~il~# rabb/ts were  divided into three equal groups  of 5 or 6 animals each and the 
groups were  used in rotation. Experiments were  performed on 2 successive days in each 
week on a single group which was then not retested for 3 weeks. This precaution was taken 
in order to prevent the acquisition of tolerance by the recipients. None of the recipient rab- 
bits  had  ever  been  made  tolerant,  and  all  studies  dealing  with  tolerant  serum  were 
performed  only after those with the two other types of serum had been completed. By the 
1 Th~ ~ndlng is not in agreement with statements made by Beeson  (26) and by Cinff 
(27), but since no data on this point are presented in either report their conclusions are dif- 
ficult to evaluate. 
2 Kindly supplied by Dr. Geoffrey Edsall of the Army Medical Service Graduate School, 
Walter Reed Medical Center,  Washington, D.  C.  This vaccine  had a  bacterial count  of 
approximately 500 million per nil. and a nitrogen content of 0.3 mg./ml. (~10 per cent). 
3 A single animal received three previous injections. In order to make the results strictly 
comparable, the same individual rabbits were  used first as unsensitized  donors and later 
as sensitized donors. ELISHA  ATKINS  AND  W.  BARRY  WOOD~ J'R.  521 
conclusion of the entire experiment all groups had received serum from donors in all three 
categories.  4 It should be noted that the recipients were themselves in the sensitized category 
in  that they had r¢cdved infrequent injections without ever having been made  tolerant. 
Their  responses,  therefore,  to  the  various  sera  tested  may  be  considered  to  have  been 
strictly comparable. 
Recording of Tempera~ures.--Procedures for the handling of the recipient rabbits and the 
method of recording temperatures have been reported elsewhere (24). Control temperatures 
were measured for a period of 6 to 7 hours on each of the 2 or 3 days preceding the experi- 
ment, and any animal with a  fluctuation of more than I°F.,  or an initial temperature of 
more  than  103°F.  on  the  day  of  the  experiment,  was  discarded.  A  base line  for  each 
recipient was established by three or four readings taken during the hour before the experi- 
ment was started. 
Transfer of Circula~ng Pyrogen.--All donor animals received a  standard inoculation of 
1 ml. of undiluted vaccine. The injection was given over a  period of approximately 5  sec- 
onds into the marginal ear vein. The animals were then bled once by intracardiac punc- 
ture at an interval of 5, 30, 60, or 120 minutes foliowing the injection. 50 to 60 mi. of blood 
were withdrawn and allowed to clot in a  flask for I  hour at 37°C.; the serum was  removed 
and cleared by eentrifugatlon after storage overnight at 4°C.  Before use the following day 
the serum was incubated for a period of 30 to 45 minutes at 37°C. Serum for a single experi- 
ment was pooled from 2 donors giving a  total of 50 to 60 m]. The volume injected into each 
of the 5 or 6 recipients within each group was 10 ml., given at a rate of about I  mL per sec- 
ond. After inoculation, temperature readings were taken every 5 minutes for the first hour, 
at  15 minute intervals for the next hour, and thereafter every 30 minutes for a  total of 5 
to 6 hours. 
Calculation of Fever Imttx.--The resulting fever was charted on ~  inch graph paper with 
two lines on the vertical axis for each degree F. and six lines on the horizontal axis for each 
hour. With the temperature at the time of inoculation as a  base llne, the area beneath the 
3 hour fever curve  s was calculated by means of a  compensating planimeter,  s In this way a 
"fever index" (measured in squared centimeters) was obtained for each animal, an expres- 
sion of both the height and duration of the fever (26). In cases in which there was no fever, 
the algebraic sum of the fluctuations above and below the base line was calculated, giving a 
negative value in some instances. 
Exclusion of Exb'aneous Pyrogens.--Pdgid precautions were taken to prevent contamina- 
tion by pyrogens. Glassware and needles were sterilized by dry heat at 170°C.  for 2 hours. 
All sera were  checked for sterility. As a  control procedure,  normal serum was  drawn  by 
these techniques and shown to be nonpyrogenic. 
RESULTS 
The fever indices of individual recipient animals injected with sera  7 from the 
three types of donors are plotted in Fig. 1. From an analysis of the mean curves 
4 For practical reasons sera obtained at each of the four time intervals from the three 
donor categories (unsensitized, sensitized, and tolerant) were not tested in all three of the 
recipient groups.  Enough comparable samples, however, were tested in more than one re- 
cipient group to demonstrate that the mean responses were practically identical. 
s This interval was chosen to obviate late variations in temperature not due to transfer- 
able pyrogen. In the few cases in which the fever had not returned to the base line within 
this time limit, a  vertical line was drawn between the 3 hour temperature and the base line 
to define the area. 
6 Keuffel and Essex compensating polar pianimeter No. 4236M. 
7 Values similar to those recorded for both unsensitized and sensitized donors have been 522  PATHOGENESIS  O~  FEVER.  I 
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FIG.  L  Individual and mean fevers in recipient rabbits given serum from unsensitized, 
sensitized, and tolerant donors. Donors were bled at 5, 30, 60, and 120 minutes after inocu- 
lation with I  ml. typhoid vaccine. 
TABLE  I 
Fe~er Indices  of Reclpient  Rabbits  Injected  wltk Serum from  Unsensitized,  Sensilized,  and 
Tolerant Donors* 
Donor  5 rain.  30 rain.  60 rain.  120 rain. 
Unsensitized  ...........  8.9  -t- 0.7t  4.6  4-  0.7~  4.7  -t- 0.7  4.3  -4-  0.5 
Sensitized .............  [  3.7  -4-  0.8~  --0.5  -4-  0.3~  2.5  "-  0.4  3.8  ~  0.35 
Tolerant ..............  I  --1.0  -4-  0.7  0.3  -4-  0.3  1.0  -t-  0.5  -0.8  -4-  1.0 
* Mean  (-4-s.E.)  responses  of  recipients  expressed  as  fever  index  (square  centimeters 
area beneath fever curve). 
The probability is less than 0,01 that the mean responses of recipients are identical for 
the following:~ 
(a) Unsen~tized as compared to sensitized donors~5 minute serum. 
(b) Unsensitized as compared to sensitized donors~30 minute serum. 
(c) Sensitized donors~30 minute serum as compared to 120 minute serum. 
Thus the augmented clearance of injected pyrogen by the sensitized donors and the reap- 
pearance of pyrogenicity in their blood at 2 hours are both statistically significant. 
obtained with injections of 20 ml. of heparlnized whole blood transfused into recipients im- 
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(see Table I) it is evident that there are three distinct rates of clearance of the 
injected pyrogen (or its serum combination). 
In the unsensitized  group the mean value of remaining pyrogenic activity, 
as reflected in the fever indices of the recipients, falls rapidly to about half of 
its initial 5 minute value at 30 minutes. Thereafter, in the 60 and 120 minute 
samples  the level of pyrogeulcity does not change  appreciably. 
In marked contrast to the removal of pyrogen in unsensitized animals, the 
blood of tolerant donors does not contain any significant  pyrogenic  activity 
at any of the four intervals tested. The slight rise  in the fever index  of re- 
cipients injected with samples of 60 minute blood from tolerant donors is due 
to gradual elevations in temperature which occur we11 after the 1 hour and 
are not characteristic of the usual pyrogenic  response. 
In the sensitized  group, a  rate of clearance  intermediate between that of 
unsensitized  and tolerant donors is apparent. The mean value at 5 minutes is 
slightly less than half of that present in unsensitized  animals.  Following this 
there is a rapid removal of pyrogen resulting in complete clearing by the end of 
30 minutes. This pyrogen-free interval is then followed by a return of pyrogenic 
activity in the blood demonstrable at 60 minutes and more marked at the end 
of 2 hours. It will be noted that the mean level of pyrogenicity  finally reached 
at 2 hours is approximately the same as that shown by 2 hour blood from un- 
sensitized donors. 
DISCUSSION 
From the results of these experiments it is evident that the rate of removal of 
the intravenously injected pyrogen was determined by each rabbit's previous 
exposure to the pyrogenic stimulus. Whereas the blood of unsensitized animals 
was cleared relatively slowly, that of donors sensitized by one or two injections 
3 to 5 weeks previously contained no demonstrable pyrogenidty at the end of 
30 minutes. Rabbits made tolerant, on the other hand, by dally injections for 
at least a week cleared the pyrogen so rapidly that none was detectable in the 
blood even at 5 minutes. 
The exact mechanisms involved in the clearance of pyrogen in each of these 
three states are not known. Evidence has been advanced that pyrogen tolerance 
is due to an accelerated removal of the injected substance by cells of the reticulo- 
endothelial system (29). Humoral factors also have been  implicated (30). It 
is dear, however,  that tolerance  differs from the usual immune response  to 
injected antigen in that it is relatively non-specific, lasts for orfly 2 to 3 weeks 
after cessation of the injections,  and is not closely correlated  with circulating 
antibody levels (26, 31). The recent demonstration by Good that tolerance can 
be produced in patients with agammaglobulinemia  adds further support  to 
this conclusion (32). 
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tized rabbits.  8 This oversight is readily explained by the fact that  the fever 
responses and leucopenic reactions in both are remarkably similar (33). Only by 
using the passive transfer technique, as employed in the present study, is it 
possible to demonstrate that sensitized  rabbits dear the injected pyrogen more 
rapidly than do previously unexposed rabbits. The difference  is important in 
itself, but of far greater significance is the fact that pyrogenidty reappears in 
the blood of sensitized  rabbits after the originally  injected pyrogen has been 
completely cleared. 
In regard to this latter finding the previous observations of Beeson, LeQuire, 
and Grant are of particular interest. Using a passive transfer method similar 
to that of the present study Beeson found that whereas tolerant rabbits had 
cleared practically all of the injected pyrogen by 4 minutes, the blood of non- 
tolerant rabbits possessed transferable pyrogenicity for 8 to  10 minutes,  but 
not  longer  (29).  LeQuire  independently  recorded  the  same  findings  (12). 
Grant, on the other hand, reported the presence of transferable pyrogen in the 
blood of non-tolerant rabbits for as long as 3 hours after the injection (13). 
The failure of all three of these investigators to differentiate between unsensi- 
tized and sensitized  rabbits affords a possible explanation for their apparently 
conflicting  results. Beeson's and LeQuire's findings are in complete agreement 
with the present observations on sensitized rabbits and can be readily explained 
if it is assumed that both were using sensitized rather than unsensitized animals. 
Grant's demonstration of transferable pyrogen at all tested intervals up to 3 
hours after inoculation, on the other hand, suggests that he was using unsensi- 
tized rather than sensitized  donors (compare curves A and B, Fig. 1). 
The reappearance of fever-producing properties in the blood of sensitized 
rabbits after apparent clearing  of the originally  injected vaccine suggests the 
entrance into the circulation of a new endogenous pyrogen, which may serve 
as the effective stimulus to the theromregulatory centers of the brain. Indeed, 
it seems not ,nlil~ely  that the continuous pyrogenicity of the blood from un- 
sensitized rabbits (curve A) may be explained by the resultant  effects of both 
exogenous and endogenous pyrogen. It it is assumed that in unsensitized rabbits 
the injected pyrogen is not completely removed until  after formation of the 
endogenous factor, the continuous pyrogenicity of the blood may be accounted 
for. In sensitized  rabbits the injected pyrogen is removed more rapidly. Clear- 
ance appears to be completed before the entrance of the endogenous factor, and 
accordingly there is a brief interval during which no transferable pyrogen can 
be demonstrated (see curve B). But because the endogenous factor does eventu- 
ally make its appearance in roughly the same concentration as in unsensitized 
rabbits  (compare  2 hour points of curves A  and B),  the  sensitized  (donor) 
rabbits exhibit the same febrile response as the unsensitized donors.  In the 
8 A single exception to this statement is the work of Farr e~ a/. which revealed that tol- 
erance develops more rapidly in sensitized than in unsensitized rabbits (30). ELISHA  ATE.INS  AND  W,  BARRY  WOOD~ JR.  525 
presence of pyrogen tolerance, however, the clearance of the typhoid vaccine is 
so rapid that the injected pyrogen appears not to be present in the circulation 
long enough to bring about release of a detectable amount of endogenous factor 
(see 5 minute and 2 hour points of curve C). As a result the febrile response, 
which is postulated to be due to the endogenous factor, is significantly de- 
pressed. 
That the secondary pyrogen demonstrated in the present studies is in reality 
of endogenous origin remains to be established.  Its appearance in the blood 
following the pyrogen-free interval might conceivably be due to a  reentrance 
into the circulation of the originally cleared vaccine. This possibility, however, 
does not seem likely. As far as the authors are aware, no analogous phenomenon 
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FIG. 2. Mean febrile responses of a single group of recipients to 5 minute and 2 hour sera 
from sensitized donors (based on 10 and 12 individual curves respectively). The mean rise 
in temperature mused by the 2 hour sera was significantly faster than that caused by the 
5  minute sera  (p  =  <0.01  for fever reached at 30  minutes).  The mean total febrile re- 
sponses (fever indices) for the two groups of sera (5 minute and 2 hour) were the same. 
has ever been demonstrated involving  a  reappearance  in  the  circulation  of 
non-viable microbes or any of their constituent products once cleared from the 
blood stream.  Furthermore,  careful comparison of the fever responses of the 
recipient rabbits  to  the  5  minute and  2  hour sera  indicates  that  the latter 
produce a significantly faster rise in temperature than do the former (see Fig. 
2).  9 This finding suggests that two different pyrogens are involved and is in 
keeping with the hypothesis that the fever-producing factor contained in the 
9 This observation is in accord with Grant's demonstration that blood withdrawn from 
donors 40 minutes or later after injection produces a more rapid response in recipients than 
do either injected bacterial pyrogens or blood withdrawn in less than 30 minutes (13). He 
has attributed  the accelerated febrile response to the formation of a new pyrogen-serum 
complex postulated to be capable of penetrating more rapidly to the thermostatic centers. 
Contrary to this interpretation is the fact that the combination of pyrogen with serum is 
completed in as little as 2 minutes in vitro (14). 526  PATHOGENESIS O1  ~  FEVER.  I 
5 minute serum is a product of the injected vaccine whereas that contained in 
the 2 hour serum is derived from cells of the host.  The evidence presented 
supports the theory that the secondary factor acts upon the thermoregulatory 
centers of the brain to cause fever. 
At least some of the secondary pyrogen would appear to come from injured 
leucocytes. As already mentioned,  the occurrence of prefever leucopenia fol- 
lowing  the injection of typhoid vaccine has a definite  time relationship to the 
initial rise in temperature (25). Also there is strong evidence that the injected 
pyrogen injures  the leucocytes. Recent observations of Braude with  radio- 
actively tagged R. caU endotoxin reveal that a large proportion of the  injected 
substance appears promptly in the buffy coat (34). Polymorphonudear leuco- 
cytes thus affected in ~i¢o have been shown not only to stick to the endothelium 
of blood vessels (35, 36) but also to behave abnormaUy in tissue culture  (27). 
Finally,  the  fever-producing  substance  extractable  in  d/to  from  polymor- 
phonudear leucocytes produces a febrile response in rabbits different from that 
evoked by exogenous pyrogen but thus far indistinguishable  from that induced 
by the secondary factor described in the present experiments (18). 
The working hypothesis outlined in the foregoing discussion  manifestly con- 
tiicts with the conclusion  of Bennett and Beeson that lencocytic changes are 
not involved in  the production  of pyrogen-induced fever (23).  Reasons  for 
questioning  their  conclusion  have  already  been  presented  elsewhere  (16). 
Further study of the secondary fever-producing factor described in the present 
experiments will have to be performed before its role as an endogenous pyrogen 
can be defined.  Such studies are already in progress.  Whatever their outcome 
may be,  it  should  be emphasized  that  cells  other  than  polymorphonudear 
leucocytes are probably also involved in the pathogenesis of fever (16). 
SUMMARY 
The rate of clearance  of intravenously injected typhoid vaccine was studied 
in unsensitized,  sensitized,  and pyrogen-tolerant rabbits by means of a passive 
transfer technique. 
The blood of unsensitized  rabbits which had not been previously exposed 
to bacterial  pyrogen remained  pyrogenic for normal  recipients throughout a 
period of 2 hours following the injection. 
In contrast, rabbits sensitized by having received either one or two injections 
of the vaccine at least 3 weeks prior to the experiment cleared their blood of the 
test vaccine within 30 minutes despite the fact that they exhibit the same febrile 
response as unsensitized rabbits. After 1 hour, however, a transferable pyrogenic 
substance was again demonstrable in the sera of this group. Reasons are dis- 
cussed for believing that this newly appearing substance may be of endogenous 
origin and may be the factor which directly affects the thermoregulatory centers 
of the brain. ELISHA ATKINS AND W.  BARRY WOOD, JR.  527 
Rabbits which are made tolerant by repeated daily injections of vaccine have 
a characteristically depressed febrile response. Not only were the blood streams 
of such animals cleared of the injected vaccine within less than 5 minutes, but 
samples of their sera obtained 1 and 2 hours after the injection also failed to 
contain demonstrable quantities of the secondary pyrogen observed in sensitized 
animals.  The  latter  observation  is in  keeping  with  the  suggestion  that  the 
secondary pyrogen may play a  critical role in the production of fever. 
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